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Abstract--- The article presents a methodology for structural and kinematic analysis of gear-lever differential
mechanisms by symmetric movement of the centers of rotation of the driving and driven gears with parallel
contours. The degree of mobility of the differential mechanism is determined taking into account excess connections.
Expressions are derived for analogues of angular velocities and angular accelerations of links of the gear
mechanism, as well as linear velocities and accelerations of the linkage.
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I. INTRODUCTION
In recent years, in our country and abroad, much attention has been paid to the theory and practice of the use of
gear lever mechanisms. This is due to the fact that with the help of gear-lever mechanisms, various and complex

laws of link movement can be implemented.

Figure 1 shows the kinematic diagram of a differential gear mechanism, consisting of a hinge and gear
mechanisms. This mechanism allows you to change the center distance AE by moving the link VD along the guides
in the horizontal direction.

The degree of mobility of the lever mechanism is W = 1, then the number of excess bonds is determined by the
formula. (1)

Where n is the number of movable links;
P4, P5 - the number of kinematic pairs of the fourth and fifth grades.
In our case, n =5, P5 =8, P4 =0, q = 2, therefore, in the linkage mechanism there are two redundant bonds.

The degree of mobility of the gear mechanismat n =7, P5 =8, P4 =3 isequal to W = 2.
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The degree of mobility of the gear-lever mechanism, taking into account the number of excess bonds g =2, n =
9, P5 =12, P4 = 3, is determined by the formula (1), W = 2.

16_ =
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[-§ = T

Fig. 1: Gear-lever differential gear (ZRDPM): d) 1,2-working shafts; 3,4-coating; 5,6,7,8 gears; 9-cross
10,11,12,13,14-levers; 15,16,17,18 guides; 19.20-axis.

Il. METHODOLOGY

To determine the analogues in the angular velocities of the driven wheel zg of the differential mechanism

composed of wheels 7 and 9, carrier 1, using the reverse movement method, we write the gear ratio igg (Fig. 2)
() _ Wy — g
g === 0

Wy — o, ry

Where the angular speed 8 of the driven wheel is equal to
I r
o, = L+ Do, - 2w, ()
r8 8

Where @, is the angular speed of the connecting rod 1;

@ g-angular speed of the leading link 6;

I'g, I' gare the radii of the pitch circles of the gears 8 and 9, respectively.
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Fig. 2: The design scheme for the determined analogues of angular velocities differential mechanism

1. LITERATURE SURVEY
Structural and kinematic analysis of linkages made a significant contribution to the fetus [3].

Theories of differential gear mechanisms are devoted to the work [1] of the problem of structural and kinematic
analysis of gear-lever differential mechanisms solved in [1], [2], [3].

However, in solving the problem of kinematic analysis of gear-lever differential mechanisms with parallel
contours with the symmetric movement of the centers of rotation of the driving and driven gears there is no single
approach. For a particular such mechanism, one has to look for an individual approach to solve the problem [4], [5],

[6].

IV. EXPERIMENT AND DISCUSSION
Dividing the right and left parts (3) by the angular velocity of the reduction link 9, we obtain an expression for
the analog of the angular velocity of the wheel Z 4.
, Z,,
VA

I
2 g Wy [y

(4)

w
Where —% is the analog of the angular velocity of link 1 of four OAVSD links.

Wy
Introducing the four-link as a vector outline

ya+l+0 =X, (5)

We find the projections of the vector equation (5) on the x and y coordinate axes.

{ Xg =, cos ¢, ©

ya=1sing +r1,
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2
o,

d
We differentiate along the generalized coordinate ¢g (6) and, taking into account that Sh_ 9

dey, - 2

dxg Uy dy,

Ug
, —2 =2 we get
dp, @, dp, o,

V, @, .

0, Lsing,

Vg a)9 ()
A 1
—=—1,cos ¢,

@, 5

where @ is the angular velocity of the link 1.

The angular velocity @, is determined by the formula.

Va—Vs

o, = : ®)
f, + 15
Substituting the values of VB and VA from (7) into (8), we obtain:
@, =(Sing, +CoS@,)w, ©
From expression (9) we find an analog of the angular velocity of link 1 (Fig. 3).
w, .
—=SIn@, —COS @, , (10)
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Fig. 3: The curve of analogues of the angular velocity of the link 1

w
Substituting the value —2 in (4), we obtain an analog of the angular velocity of the driven link 8.
9

2

= (1+:9)(sin @, —CoS@,) — d (11)

9
@y 8 g
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Differentiating expression (3) with respect to time, we obtain

da, s Lg) do, _rida)9 12
dt r,” dt r; dt
Marking through &, = da, & = doy and &, = da, we get
8 1 1 T 9 —
dt dt dt
I I
gy =+ ), — & (13)
8 8

Dividing both sides of equation @, (13) by, we obtain the following expression for the analog of the angular
acceleration of the wheel Z,

& I & rh &
78:(1+i)712_i 9 (14)
I,

2 r 2
Wy g (g g gy

& & . .
where —12and —92 -analogs of angular accelerations of links 1 and 9
) )
9 9

V. EXPERIMENTAL RESULTS

& &
To determine the analogs of angular accelerations —12and —92 twice, we differentiate equations (6).

Wy Wy
X d . d?
2 =1, cos g, ( (p1)2+llsmgol—(p21
Py d§09 Dy
d?x de 2, (1)
A —_| sin 1)2 41, cos g, —+
dwgz 1 (01(d(p9) 1 wl (0:

d?x, a, d°x, a
Given that B :—Bz, A ——’;,

d? £ d @
L =— andi:—l,weget

d (sz Wy dp, @,

ag R - &1
— =l cosp (—) +1;singp, —
Wy 9 6)
ap . Wy N2 &
—> ==l sing,(—)" +1 cosp, —
9 Wy 9

From the first equation (16) we determine the analog of the angular acceleration of link 1
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g a 1 Cos@, , .
e Rt CO Let)
w, @, l;sing, sing, o,

Substituting (17) into (14) we obtain an analog of the angular acceleration of the gear

£ ry,| a 1 w
i=a+%{i=—w%(ﬂza&
@y r,'| @g |, cosg, @,

The data on this formula are given in table I.

Table I: An analogue of the values of the angular acceleration of the point B and A of the gear depending on the ¢

angle
30° 60° 90° 120° 150° 180° | 210° 240° 270° [ 300° |[330° | 360°
cm
a‘B
P 12,44 | 19,307 | 21 17,067 | 8,56 224 | -12.44 |-1931 | -21 217,07 | -856 | 2,24
9

a, 17,067 | 8,56 -2,24 | -12,44 | -19.31 | -21 -17,07 | -8,56 2,2399 | 12,44 | 19,306 | 21

2
Wy

The true values of the linear acceleration AB and AA are determined by the method of plans based on vector
equations

— — — R
— T
a,=as+aslg+ay; 19
a,=asl,_,
— — _ R T
ﬂg - ﬂg‘i—ﬂ'g _4-1-(13 A
HB =dB/yy
(20)

Similarly to the above method, we will conduct a kinematic analysis for the differential mechanism composed of
gears 6 and 7 and carrier 2, the gear ratio

o, =692 77
67 W7=W2 Te (21)
76 7
w7 = (1+;)w2 — =~ wg

(22
where are w, the conditions of the connecting rod speed 2;

- wgconditions link speed 6;
-rgradius of the motor circumference of the gear 6;
- rthe radius of the motor circumference of the gear 7;

Dividing the right and left parts (22) by the angular velocity of link 6, we obtain an analog of the angular
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velocity of the gear r.

w7 _ T\ ©2 _Te
we (1 +T7) we r7 (23)

Where 22 an analog of the angular velocity of link 2 of the four-link OEDSO. 22
we we

Introducing the four-link as a vector outline

VE+Z_2+T'7 = XD
We find the projections of the vector equation (21) on the x and y axis

{ Xp = l,cos¢,
Y = lsing, + 1, (25)

We differentiate (28) along the generalized coordinate and taking into account that

dga _ w2 Xp _ vp dYe _ YE
dps  wg dps ¢’ dps g
we get
%)) _ _ﬂ .
o = e l,sing,
VE __ _ﬂ .
o = o l,sing,
(26)
The angular velocity w,, is determined by the formula
_ lve—vpl
re+r7 (27)

Substituting the values of v}, and v from (26) into (27) we obtain

w, = (sing, + cos@;)wg; (28)
From expression (28) we obtain an analog of the angular velocity of link 2.

:—i = sing, + cos@,; (29)
Substituting the value (29) into (23) we obtain an analog of the angular velocity of link 7.
Z—Z = (1 + :—:) (sinl, + cosg;) — :—:; (30)
We differentiate expression (22) with respect to time, we obtain
dog _ To)dwr _ Tedoy.
? - (1 + T'7) dt ry dt ! (31)

. d d d
Marking through &, %, &6 % and &, %, we get

€7=(1+:_:)82_:_386; (32)
Having spilled both sides of w2equation (32) on, we write the following expression of the analogue of the

carbohydrate acceleration of the gear r;
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Z=(1+2)Z-22 (3

7/ We 7 Wg

where %and % are the analogues of the angular accelerations of links 2 and 6.
6 6

We find analogues of linear accelerations of points D and E of link 2, differentiating equations (26) twice

d%Xp dp2)? . d%py
Y = —l,cos¢p, (—d%) — lpsing, a9 ;
2 2 2 (31)
e _ sing (dﬂ) + l,sing L2
de? 2 2 \dgs 2 2 dp?

Taking into account that

d%x ap d?y ag d? € d? ®
2 =20 E= 2,202 = 2 and S22 = 22 we get
dog wg deg  wg deg wg deog we

2
ap __ w2 . €2 .
prie —l,cos¢, (w—é) — lsing, pek
& = —l,sin (wz)z + l,cosqp, =2 )
0T R ) w6 2C0SP; 02

The data on this formula are given in table II.

Table II: Position of point D and E in ¢ angle dependent

30° 60° 90° [ 120° [150° |180° | 210° |240° |270° |300° |330° |360°
Cc
ap [ -12,44 [ -19,31 | -21 |[-17,07 | -856 |2,2399 | 12,44 | 19,307 | 21 17,067 | 8,5602 | -2,24
2
We
3 [ 17,067 | 856 |-2,24|-12,44 | -1931 | -21 217,07 | -8,56 | 2,2399 | 12,44 | 19,306 | 21
2
Wg

From the first equation (35) we determine the analog of the angular acceleration of link 2.

€ _ __ap 1 __cos@3 22
w_g - wg lysinly sing; (0)6) (36)

Substituting (36) into (33) we obtain an analog of the angular acceleration of the gear r,

£7 T6 ap 1 [ay) 2

=+ D) ()] @

r7 w% lpsinly

The values of linear and define vector equations

55 = 5D +§E/D + 55
{ ’(38)

5E:§E
yy

D
51) =ap (39)

{éD = 55 +§D/E +§£

X

V1. CONCLUSION

Thus, on the basis of the proposed methodology, analytical and vector equations, structural and kinematic

analysis of, for example, the gear-lever differential mechanism was carried out. The dependences of the analogues of

the angular velocities of link 1 on the angle of rotation of link 9 are obtained, it can be seen from the graph that the
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change in the analog of the angular velocity of link 1 is periodic.
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